INTRODUCTION
Patient experience is widely considered a core dimension of healthcare quality. The Affordable Care Act mandated the Centers for Medicare and Medicaid Services (CMS) to include patient experience metrics in pay-for-performance programs. Patient experience data from US hospitals are publicly reported on CMS's Hospital Compare website, 1 and ambulatory patient experience metrics determine Shared Savings Program reimbursements for Accountable Care Organizations. After ambulatory visits, patients now commonly receive a mailed survey about their recent visit experience, and some organizations provide bonus compensation to top-performing clinicians. 2 Some have urged broader adoption of incentives based on physician-level patient experience measures and the incorporation of these measures into licensing and recertification requirements. 3 For fair comparison of individual physicians, physicianlevel patient experience measurements must have high reliability. Reliability refers to the reproducibility of a measurement; if physician-level patient experience measures were highly reliable, one would expect that two patients visiting the same physician would tend to rate the physician similarly. However, if the physician impact on the experience measure is weak compared to patient, health system, or other factors, the measure may vary substantially across patients, necessitating a larger patient sample to reliably measure the individual physician effect. Small sample sizes have been shown to limit the reliability of other physician-level quality measures. 4, 5 We collected patient experience surveys within a large academic family practice to assess: (1) the extent to which patient-level factors that are unmeasured in standard Consumer Assessment of Healthcare Providers and Systems (CAHPS) surveys explain additional variance in patient experience Electronic supplementary material The online version of this article (https://doi.org/10.1007/s11606-017-4175-y) contains supplementary material, which is available to authorized users. measures; (2) the comparative size of the physician effect on patient experience with and without adjustment for these additional patient characteristics; (3) required sample sizes for reliable measurement of physician-level patient experience assuming full adjustment for potentially confounding patient characteristics; (4) the impact of unmeasured confounding by patient characteristics on physician rankings based on visitlevel patient experience measures.
METHODS
Design, Setting, and Subjects. The study had a repeated crosssectional design with patient visits being the units of analyses and withvisits cross-nestedwithinpatients andprimarycarephysicians (PCPs). Three days per week from July 2015 to April 2016, a research assistant recruited patients from the waiting room of the UC Davis Family Medicine Clinic, an urban academic practice with~27,500 annual visits with resident and attending family physicians. Presumed patients were asked to approach the assistant after visits, if interested in participation, at which point the assistant confirmed eligibility and obtained written informed consent. Patients were eligible to participate if they were aged ≥ 18 years, could read and complete an English survey, and were attending physician visits. Consenting patients completed post-visit surveys ontabletdevices,althoughasmallnumberpreferredpapersurveys. The tablet survey was administered using LimeSurvey software, which provided real-time checks for data quality and completeness. Patients were allowed to complete surveys after up to six physician visits during the study period and were compensated with $10 gift cards for survey completion. Research assistants could not ascertain eligibility when potential participants were approached, and due to limited staffing, assistants could not feasibly approach all potentially eligible patients attending visits. Based on the annual number of clinic visits, we estimate that patients completed surveys after~15% of adult visits on days when research assistants were present in the clinic. The UC Davis Institutional Review Board approved the study.
Patient Experience Measures. Patient experience was assessed using six items derived from the individual visit version of the CAHPS Clinician & Group Survey. 6 Four items derived from the CAHPS Physician Communication Composite and inquired respectively about whether the PCP: (1) gave easy to understand information; (2) knew important information about the patients' medical history; (3) showed respect for what the patient had to say; (4) spent enough time with the patient. A fifth item inquired about whether the patient would recommend the PCP to family and friends, while the sixth item requested that the patient rate the doctor from 0 to 10 from worse to best possible doctor. The six items were highly correlated and loaded onto a single latent construct in factor analyses (see Supplemental Appendix). To enhance measure reliability, we created a standardized scale in which higher numbers indicated better patient experience by averaging the z-score for each item (Cronbach's α = 0.80).
Standard Adjustors for CAHPS Surveys. We collected sociodemographic and clinical measures that the CAHPS Consortium recommends as standard adjustors in CAHPS data analyses, including patient age, sex, race/ethnicity, education, and self-reported health status (poor, fair, good, very good, excellent). 7 While the CAHPS survey assesses mental and emotional health with a single question, we assessed mental health using the five-item Mental Health Inventory-5, an accurate measure of both depression and anxiety (range: 0-100 from worst to best mental health). 8 Additional Patient-Level Adjustors. We included additional patient-level measures to enable analyses of the influence of an expanded range of covariates on patient experience measures. We included marital status because it may influence perceived healthcare experience through adverse impacts on mental health or social support. 9 We assessed whether the patient had previously had visits with the PCP because of its previously observed strong influence on patient experience in primary care. 10 Because somatic symptom burden has predicted difficult patient-doctor encounters, 11 we included three items regarding the extent to which patients are bothered and concerned about symptoms and worried about health. Because the items were highly correlated, we created a scale from the items in which a higher score signifies greater symptom bothersomeness/worry (range: 3-15, Cronbach's α = 0.83). By linking patient surveys to electronic medical records, we identified the visit physician and collected patient body mass index (BMI), as higher BMI has been associated with better patient experience ratings. 12 We also assessed three durable patient-level attitudinal or dispositional factors that we theorized could affect patient perceptions of healthcare experiences. First, we assessed skepticism regarding medical care, a four-item measure that is conceptualized as a trait that predisposes patients to use less healthcare and fewer preventive services and to make less healthful lifestyle choices. 13 Second, we assessed global life satisfaction using the five-item Satisfaction with Life Scale, a validated measure of subjective well-being with high temporal reliability. 14 Third, we assessed patient personality using the Big Five Inventory, a 44-item measure that generates scores on the five fixed personality dimensions: agreeableness, conscientiousness, extraversion, neuroticism, and openness. 15 Personality was previously associated with patient satisfaction with outpatient healthcare. 16 To minimize respondent burden, we carried initial responses to these three items forward to subsequent surveys for 138 patients attending 178 visits (13.5% of all visits).
Analyses. Analyses were conducted using Stata Version 14.2 (College Station, TX). Because patient experience scores were highly skewed, we transformed the scores into percentile rank of visit (ranging from the worst visit rank of 0 to the best rank of 100). 17 We fit multi-level linear mixed regression models with visit experience percentile rank as the dependent variable to permit the estimation of variance components for use in estimating intracluster correlation coefficients.
18,19 Patientand physician-level random effects modeled patients nested within physician and physicians cross-nested within patients. The base model included no covariates; the second model included variables recommended by the CAHPS Consortium for standard case-mix adjustment (i.e., age, gender, race/ethnicity, educational level, self-rated physical and mental health); finally, the expanded model added additional patient characteristics (medical skepticism, personality, global life satisfaction, marital status, BMI, symptom bother, and having seen the physician previously). For each model, we derived the patient-and physician-level intracluster correlation coefficients (ICCs) by dividing the between-patient and betweenphysician variance components, respectively, by the sum of all variance components (between-physician, between-patient, and residual error). 18, 20 In essence, ICCs quantify the size of the patient and physician effects on patient experience; a physician-level ICC that is much lower than the patient-level ICC implies that stable physician-level factors (e.g., communication skills) explain a much lesser amount of variation in patient experience than patient-level factors (e.g., socioeconomics, attitudes, personality). We obtained similar physicianlevel ICCs when we repeated the models using the raw patient experience z-scores so we report only results based on analyses of ranked z-scores. Because total variance explained is not provided within a cross-nested, multi-level model, we also performed linear regression using generalized estimating equations to estimate the total variation in patient experience (expressed as R 2 ) explained by the two models with covariate adjustment (CAHPS Consortium standard adjustment and expanded adjustment).
We assessed the impact of greater adjustment on the required sample sizes to reliably detect the physician effect on patient experience. A lower physician-level ICC implies that a larger sample of patient surveys will be required to reliably measure the physician effect, because a greater proportion of the variation in the measures is explained by non-physician factors or is unexplained. Based on ICCs estimated with standard and expanded adjustment for patient-level factors, we used the SpearmanBrown prophecy formula to estimate the sample sizes required to achieve physician-level patient experience measures with reliabilities of 0.70, 0.80, and 0.90. 21 Lastly, we assessed the impact of additional adjustment on assessment of patient experience measures at the individual physician level. Using the mixed models fitted with standard CAHPS adjustors and the expanded covariate set, we derived best linear unbiased predictors (BLUPs) for study physician performance in terms of patient experience. 22 BLUPs are also called shrinkage (or Bayesian) estimates because they adjust for the uncertainty of the estimates, shrinking estimates toward the mean according to the level of uncertainty (primarily the number of patient response at the physician level). BLUPs for both models were used to assign physicians to performance quartiles (highest, upper middle, lower middle, and bottom). From the two performance quartile measures, we derived a reclassification index, assessing the proportion of physicians who moved into or out of the top and bottom quartiles with expanded as compared to standard adjustment.
RESULTS
Patient experience surveys were completed by 1141 patients after 1319 primary care visits with 56 PCPs (mean visits per patient: 1.2, range: 1-6; mean number of physicians within The visit-level patient experience z-score was higher on average and had lesser variability among attending physicians [mean = 0.16, standard deviation (SD) = 0.50] as compared to residents (mean = −0.05, SD = 0.73). Table 1 shows characteristics of the 1141 patients.
With standard adjustment for a limited range of patient covariates, older patient age was statistically significantly associated with a higher percentile patient experience rank [parameter estimate = 0.4 (95% CI: 0.3, 0.6)] ( Table 2) . Overall, the standard patient-level covariates explained approximately 10% of the variation in patient experience measures across visits (R 2 =9.6%). With adjustment for the expanded covariate set, several additional patient factors were statistically significantly associated with visit experience, including any prior visit with the study physician, medical skepticism, global life satisfaction, symptom bothersomeness, BMI, and marital status. The model with expanded adjustment for patient covariates explained over twice as much variance as the model with standard adjustment [R 2 = 20.0% vs. 9.6%, respectively; F (10, 55) = 18.28, p < 0.001 for expanded vs. standard adjustment].
Without any adjustment, the physician-level ICC was 6.4%, decreasing to 6.1% with standard adjustment for patient covariates (Table 3) . With expanded adjustment for patient characteristics, the physician-level ICC diminished to 3.4%, over 12-fold smaller than the patient-level ICC of 45.0% in the unadjusted model. Based on the physician ICC with standard adjustment, sample sizes of 36, 62, and 138 patient surveys would be required to achieve reliabilities of 0.70, 0.80, and 0.90, respectively (Table 3 ). These required sample sizes were close to required sample sizes without adjustment for patient characteristics (34, 59 , and 132, respectively). With the The effect of expanded adjustment on physician reclassification is shown in Table 4 . Among the 56 study physicians, 8 (14.3%; 95% CI: 7.0%, 25.2%) were reclassified from the top or bottom quartile to the middle (or vice versa).
DISCUSSION
Within a large academic family practice, patient-level factors explained a much larger percentage of variance in patient experience measures than physician-level factors, including patient attitudinal and dispositional factors that are not routinely measured on widely used patient experience surveys. Because the measurable physician effect on patient experience diminishes with greater adjustment for patient factors, large sample sizes of patient surveys would be needed to reliably measure patient experience at the individual physician level. Such large sample sizes may be infeasible for practices to achieve. Adjustment for an expanded set of patient covariates also had a substantive impact on the ranking of physicians based on patient experience. This change in ranking implies that patient attitudinal and dispositional variables would confound a ranking of physicians using only measurement procedures recommended by the CAHPS Consortium.
In our sample, several patient characteristics explained substantial added variance in patient experience compared to covariates used in standard adjustment for CAHPS surveys, including medical skepticism, global life satisfaction, BMI, symptom bothersomeness, and marital status. Each of these variables may be plausibly associated with patient attitudes or beliefs that may influence patients' perceptions of life experiences, including healthcare experiences. Altogether, the expanded covariate set nearly doubled the amount of explained variation in visit-level patient experience. Ideally patient experience surveys would be modified to assess these additional patient characteristics. However, longer patient experience surveys would augment respondent burden and potentially depress already low response rates to mailed surveys. [24] [25] [26] A prior study observed a strong association between patient visit experience and whether patients had established relationships with PCPs. 10 Current CAHPS surveys collect information on prior visits with physicians, although the CAHPS Consortium recommends neither sampling based on established vs. non-established status nor adjustment for prior visits with physicians. 7, 27 Given the observed strength of this association, case-mix adjustment of patient experience measures should routinely adjust for prior visits with the physician.
The CAHPS Consortium recommends that healthcare organizations obtain sample sizes of 50 surveys per physician to allow valid comparisons of patient experience measures between physicians. Support for this recommendation derives from studies indicating that a sample of 50 is sufficient to achieve reliabilities of 0.70 in patient experience measures that are either unadjusted [28] [29] [30] or adjusted for a limited range of covariates. 25 Our results are consistent with these studies in showing that a sample size of 50 is likely to be sufficient to achieve a reliability of 0.70 with limited adjustment for patient covariates (Table 3) . However, for valid comparisons of measures at the individual physician level, some have suggested that measures should have a reliability of at least 0.80, 31 while others have argued for higher reliabilities if physicians are to be held to account for experience measures. 30 As we and others have shown, [32] [33] [34] [35] physician-level ICCs for patient experience measures are small compared to patient-level ICCs and diminish further with broader adjustment for patient factors. With full adjustment for the range of patient covariates, we found that a sample size of 255 patient surveys would be required to measure physician-level patient experience with a reliability of 0.90, approximately 66% greater than analogous estimates with minimal or no adjustment for patient characteristics. 25, 30 Such a large sample size per physician is probably infeasible for most health systems to collect, especially with a longer survey that includes measures of influential patient attitudes and disposition.
Without expanded adjustment for patient characteristics or with small sample sizes, error in physician classification may be inevitable. We demonstrated the potential for error in a reclassification analysis in which one in seven physicians were reclassified into or out of the top or bottom performance quartiles after full adjustment for a range of patient characteristics vs. standard adjustment with a limited range of adjustors recommended by the CAHPS program. Because we employed conservative Bayesian statistical procedures to shrink outlying or smallsample estimates toward the mean, this reclassification analysis primarily illustrates the potential for error due to physician-level confounding by patient characteristics that are currently not accounted for in the CAHPS surveys. Confounding by patientlevel factors has also been shown to substantially impact comparisons of physician-level performance on Healthcare Effectiveness Data and Information Set (HEDIS) quality metrics. 36 Our visit-level patient experience outcome was a composite measure comprising six items, four of which derive from the CAHPS Physician Communication Composite. Compared to single-item measures (e.g., doctor rating), a scale derived from multiple items has greater measurement reliability. 30 For this reason, the CAHPS Consortium encourages the use of composite patient experience measures for public reporting of group-or physician-level measures. 37 Our study sample derives from a single academic family medicine practice. While results could differ in other settings, our minimally adjusted findings were consistent with prior reports. 25, [28] [29] [30] In addition, patients were seeing physicians for the first time in most visits (56.6%), reducing potential halo effects from prior experiences with physicians. The lack of continuity implied by the high proportion of first visits implies that patients with more than one visit typically saw more than one physician (essentially randomly determined by the scheduling process). The inclusion of both resident and faculty physicians introduced greater variation in physician interpersonal skills and consequent variation in patient experience. While these features may limit the generalizability of the findings to community practices, they enabled greater exploration of the extent to which variance can be attributed to physician vs. patient factors. Because greater variability enhances the measure reliability, reliability would be expected to be lower in a practice with attending physicians only, and required sample sizes to allow meaningful comparison of individual physicians would likely be higher than we have estimated within this academic practice.
We recruited patients prior to visits to participate voluntarily in post-visit surveys and were unable to ascertain the number of patients who were aware of the opportunity or the number who opted not to participate. Although we suspect the overall response rate was low, response rates are also low to mailed patient experience surveys typically used to assess physician performance. [24] [25] [26] 29 Response bias may affect study results and the results of other patient experience surveys. 38 Because patients responded to questions on a tablet device rather than a mail survey, mode effects may also influence results. 39 Although patient experience surveys are commonly used to manage physicians and to determine their compensation, 2,40 our results raise several questions about the validity and practicality of comparing individual primary care physicians based on patient experience scores. First, we found that the limited range of covariates typically adjusted for in physician-level comparisons did not account sufficiently for the variation between patients in attitudes, beliefs, and other patient characteristics that influence patients' perceptions of their healthcare experience. Second, while adjustment for a broader range of patient covariates augmented the explained variation in patient experience, it diminished the size of the physician effect on these measures, and sample size requirements to detect this effect increased proportionally. Most practices will lack the resources to collect such large samples of an expanded patient experience survey. Third, we demonstrated the potential for substantial confounding at the physician-level by unmeasured patient characteristics if practices compared physicians based on patient experience scores adjusted only for the limited range of patient measures recommended by the CAHPS Consortium. Although our data were derived from a single practice, these results suggest that healthcare organizations should exercise caution when comparing individual primary care physicians on average measures of patient experience using current measures.
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